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Abstract
Oil extraction may cause extensive environmental impact that can affect health of populations living in surrounding
areas. Large populations are potentially exposed to oil extraction related contamination through residence in areas
where oil extraction is conducted, especially in low and middle income countries (LMICs). Health effects among
people residentially exposed to upstream oil industry contaminants have been poorly studied. Health effects of
exposure to oil related contamination have been mainly studied among cleanup workers after oil spills from tankers
or offshore platforms.
In this paper we aim to identify the type and extension of residential exposures related to oil extraction activities
and to comment on the few health studies available. We estimated that 638 million persons in LMICs inhabit rural
areas close to conventional oil reservoirs. It is relevant to specifically study people residentially exposed to upstream
oil industry for the following reasons: First, persons are exposed during long periods of time to oil related
contamination. Second, routes of exposure differ between workers and people living close to oil fields, who can be
exposed by ingestion of contaminated waters/foods and by dermal contact with contaminated water and/or land
during daily activities (e.g. bathing, agricultural activities, etc.). Third, individuals potentially more susceptible to the
effect of oil related contamination and not normally occupationally exposed, such as infants, children, pregnant
women, elderly or people with previous health conditions, are also exposed.
There are few papers studying the potential health effects of residential exposure to oil related contamination, and
most of them share important limitations. There is a need for more research through the conduct of
methodologically robust studies in exposed populations worldwide. Despite the difficulties in the conduct of
studies in remote areas, novel approaches, such as measurement of individual exposure using biomarkers of
exposure and effect, should be used. These studies should be promoted to understand the health risks associated
to residential exposure to oil related contamination, support effective control policies to avoid such contamination
and to sustain public health recommendations and policies to avoid exposure in already contaminated areas.
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Background
Oil extraction may cause extensive environmental con-
tamination and this may affect the health of population
living in surrounding areas [1]. The health effects of ex-
posure to oil related contamination have been mainly
studied after oil spills among cleanup workers and resi-
dents of the affected coastal areas [2]. By contrast, the
health effects among people residentially exposed to oil
extraction related contamination (usually occurring in
low-middle income countries -LMICs-) have been
poorly studied. In this paper we identify the type and ex-
tension of residential exposures, comment on the few
health studies available and identify this type of exposure
as a priority for research and control.
Main text
Oil industry includes search of oil fields and extraction
of crude oil to the surface, transport and storage of
crude oil or refined petroleum products and the refinery
and process of crude oil. Each of these phases lead to
different exposures for human populations. There are no
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solid data on the overall population living close to oil fa-
cilities. We estimated that 638 million persons in LMICs
inhabit rural areas close to conventional oil reservoirs
(Fig. 1). We estimated this figure by overlapping conven-
tional oil reservoirs (based on data from the United
States Geological Survey and following the methodology
used by Butt et al. [3]) and maps of rural population
density [4]. We used oil reservoirs instead of current
areas of extraction (i.e. oil blocks) due to lack of publicly
available data.
The most common acute effects reported after expos-
ure to oil spills among cleanup workers are respiratory,
eye and skin symptoms, headache, nausea, dizziness and
fatigue. Chronic effects include psychological disorders,
lower respiratory tract symptoms and reduction of lung
function. Genotoxicity and alterations in hormonal sta-
tus have also been described [2]. High levels of alumin-
ium, nickel, lead and zinc have been reported in
volunteers and workers involved in cleaning up activities
after the Prestige oil spill [5].
The health effects among people residentially exposed
to oil extraction related contamination have been poorly
studied. Evaluating these populations is important for
several reasons: First, there are large populations living
close to oil fields and persons are exposed during long
periods of time. Most of the active oil fields are 50-years
old, but could be active for longer [6]. Second, routes of
exposure differ between workers and people living close
to oil fields, who can be exposed by ingestion of contam-
inated waters/foods and by dermal contact with contam-
inated water and/or land during daily activities (e.g.
bathing, agricultural activities, etc.). Third, individuals
potentially more susceptible to the effect of contamin-
ation and not normally occupationally exposed, such as
infants, children, pregnant women, elderly and people
with previous health conditions, are also exposed.
There are 11 studies examining potential health effects
of exposed communities. Ten of these studies have been
conducted in the Ecuadorian and Peruvian Amazon [7–16]
and one in the Niger Delta [17]. There are no health stud-
ies in other LMICs involving oil-extraction facilities. The
study from the Niger Delta, reports higher frequency of
neurological, haematological and irritation symptoms in
inhabitants from a community were the main source of
drinking water is contaminated with refined oil products,
compared to a neighbouring community [17]. Some of the
studies from the Ecuadorian Amazon reported higher risk
symptoms previously described among cleanup workers
after oil spills, such as fatigue, respiratory and eyes irrita-
tion and headaches [7], and higher risk spontaneous abor-
tions [9] among women from exposed communities.
Studies from the Peruvian Amazon compared blood lead
levels among indigenous children and adults according to
distance from place of residence to oil fields [14, 15]. Blood
lead levels were high in the area, but no association was
detected between blood lead levels and distance to oil ex-
traction sites. Evidence on cancer risk is contradicting.
Three studies conducted in the Ecuadorian Amazon iden-
tified increased cancer risk [8, 10, 11] in exposed areas.
However a re-analysis of one of this studies [8] conducted
by researchers funded by oil companies did not identify an
increased risk [12]. Studies on cancer mortality were also
conducted by researchers funded by oil companies and did
not observe increased cancer mortality in the area [13, 16].
Fig. 1 Map of rural population density and conventional oil and gas reserves. Conventional oil reservoirs and gas reservoirs based on data from
the United States Geological Survey [27]. Rural population density based on the Food and Agricultural Organization (FAO) estimates [4]
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All these cancer studies shared methodological limitations
such as potential errors in population estimates, no infor-
mation on length of residence in the county, lack of infor-
mation on occupational exposures and other important
confounders. Genotoxiticy, which is directly associated
with cancer risk, has been consistently observed in people
exposed to oil spills [2].
Oil extraction related contamination leads to exposure
to a mixture of contaminants. Produced waters originate
in the natural oil reservoir and are separated from oil
and gas in the production facility. Produced waters rep-
resent the major petroleum–derived waste [18]. They
contain toxic compounds of natural origin, such as poly-
cyclic aromatic hydrocarbons (PAHs), BTEX (benzene,
toluene, ethylbenzene, and xylenes), heavy metals and
occasionally naturally occurring radioactive materials,
and may also contain chemicals from drilling fluids and
treatment chemicals [18]. Exposure to produced water
has been mainly studied among aquatic fauna in offshore
production water, and negative effects on development,
growth and immune response amongst others have been
reported [19]. In onshore operations, production water
should be re-injected to wells. Ninety-two percent of
barrels of produced water generated in 1995 in US on-
shore production activities were re-injected [20]; how-
ever, dumping produced waters into rivers and streams
has been common practice in a number of countries
until recently [21, 22]. Natural gas flaring is also a com-
mon practice in oil fields. It leads to exposure to volatile
organic compounds (VOCs), nitrogen dioxide (NO2),
sulphur dioxide (SO2), PAHs and benzo[a]pyrene [23].
In remote areas of LMICs environmental legislation is
less restrictive and control by supervisory bodies may be
lacking [21]. The activity of Chevron-Texaco in the
Ecuadorian Amazon is a fair example. Chevron-Texaco
operated in the Ecuadorian Amazon between 1964 and
1992. In 2013, after 22 years of legal proceedings, the
Ecuadorian Supreme Court ruled that USD 9.5 billion
should be awarded to the plaintiffs (i.e. 30,000 mestizo
and indigenous peoples) by Chevron-Texaco. This sen-
tence was based on damage to the human health, water
supply, and ecology among other harms [24]. In the
Peruvian Amazon, there is lack of technical legislation on
permissible levels of many pollutants on the practices for
the management of production waters, drillings muds and
gas flaring. The activities of oil companies operating in the
area have led to contamination of air, water and soils in
residential areas close to oil fields [25].
Conclusions
Large populations are potentially exposed to oil extrac-
tion related contamination through residence in areas
where oil extraction is conducted, especially in LMICs.
Adverse health effects of exposure to oil extraction
related compounds are known among oil industry
workers and oil spills cleanup workers [2], but there are
surprisingly few studies focusing on populations residen-
tially exposed. There is a need for research through the
conduct of methodologically robust studies in exposed
populations worldwide, as also recommended by a
United Nations Environment Programme (UNEP) report
[26]. Such studies should include individual exposure as-
sessment. There is currently enough technology available
to allow collection of biological samples in remote areas
and transportation to laboratories (e.g. sun-powered
freezers). Therefore, measurement of biomarkers of
exposure and effect (e.g. level of metals in blood/urine,
lead isotopic ratios to trace sources, measurement of 1-
hydroxypyrene in urine, presence of PAHs DNA ad-
ducts, evaluation of chromosomal damage by comet
assay or micronucleus test, amongst others) should be
included in future studies. These studies should be pro-
moted to understand the health risks associated with resi-
dential exposure to oil related contamination, support
effective control policies to avoid such contamination and
sustain public health recommendations and policies to
avoid exposure in already contaminated places.
Abbreviations
BTEX: benzene, toluene, ethylbenzene, and xylenes; FAO: food and
agricultural organization; LMICs: low and middle income countries;
NO2: nitrogen dioxide; PAHs: polycyclic aromatic hydrocarbons; SO2: sulphur
dioxide; UNEP: United Nations Environment Programme; VOCs: volatile
organic compounds.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All authors have been involved in drafting the manuscript and revising it
critically for important intellectual content. All authors read and approved
the final manuscript.
Funding
C.O.G holds a Sara Borrell postdoctoral fellowship awarded from the Carlos III
National Institute of Health (CD13/00072). M.O.M. benefited from the
financial support of the ‘Conflict and Cooperation over Natural Resources in
Developing Countries’ program of The Netherlands Organisation for
Scientific Research (NWO) - www.iss.nl/nebe- and the ‘International Initiative
for Impact Evaluation’ (3ie).
Author details
1ISGlobal, Centre for Research in Environmental Epidemiology (CREAL),
Doctor Aiguader, 88, 08003 Barcelona, Spain. 2Universitat Pompeu Fabra
(UPF), Doctor Aiguader, 88, 08003 Barcelona, Spain. 3CIBER Epidemiología y
Salud Pública (CIBERESP), Av. Monforte de Lemos, 3-5, 28029 Madrid, Spain.
4International Institute of Social Studies, Erasmus University Rotterdam,
Kortenaerkade 12, 2518, AX, The Hague, The Netherlands. 5Institut de Ciència
i Tecnologia Ambientals (ICTA), Universitat Autònoma de Barcelona, 08193
Bellaterra, Cerdanyola del Vallès, Barcelona, Spain. 6IMIM (Hospital del Mar
Medical Research Institute), Dr. Aiguader, 88, 08003 Barcelona, Spain.
Received: 28 December 2015 Accepted: 19 April 2016
References
1. Pfeiffer M, Viliani F, Dora C. Managing the public health impacts of natural
resource extraction activities. Geneva: World Healt Organization (WHO); 2010.
O’Callaghan-Gordo et al. Environmental Health  (2016) 15:56 Page 3 of 4
2. Levy BS, Nassetta WJ. The adverse health effects of oil spills: a review of the
literature and a framework for medically evaluating exposed individuals
[Internet]. Int J Occup Environ Health. 2011. 161–7. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/21618948.
3. Butt N, Beyer HL, Bennett JR, Biggs D, Maggini R, Mills M, et al. Biodiversity
risks from fossil fuel extraction. Science [Internet]. 2013 [cited 2015 Feb 9];
342:425–6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24159031.
4. FAO. Rural population density (persons per square kilometre), 2000. Food
Insecurity, Poverty and Environment Global GIS Database. Rome: World
Healt Organization (WHO); 2007.
5. Pérez-Cadahía B, Méndez J, Pásaro E, Lafuente A, Cabaleiro T, Laffon B.
Biomonitoring of human exposure to prestige oil: effects on DNA and
endocrine parameters. Environ Health Insights [Internet]. 2008;2:83–92.
Available from: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=3091333&tool=pmcentrez&rendertype=abstract.
6. Höök M, Söderbergh B, Jakobsson K, Aleklett K. The evolution of giant oil
field production behavior. Nat Resour Res. 2009;18:39–56. Springer US.
7. Sebastián MS, Armstrong B. La salud de mujeres que viven cerca de pozos y
estaciones de petróleo en la Amazonía ecuatoriana. Rev Panam Salud
Publica. 2001;9:375–84.
8. San Sebastián M, Armstrong B, Córdoba J a, Stephens C. Exposures and
cancer incidence near oil fields in the Amazon basin of Ecuador. Occup
Environ Med [Internet]. BMJ Group; 2001;58:517–22. Available from: http://
oem.bmj.com/cgi/doi/10.1136/oem.58.8.517.
9. San Sebastián M, Armstrong B, Stephens C. Outcomes of pregnancy among
women living in the proximity of oil fields in the Amazon basin of Ecuador.
Int J Occup Environ Health. 2002;8:312–9.
10. Hurtig A-K, San Sebastián M. Geographical differences in cancer incidence
in the Amazon basin of Ecuador in relation to residence near oil fields. Int J
Epidemiol [Internet]. 2002;31:1021–7. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/12435778.
11. Hurtig A-K, San Sebastián M. Incidence of childhood leukemia and oil
exploitation in the Amazon basin of Ecuador. Int J Occup Environ Health
[Internet]. Hanley & Belfus, Inc.; 2004;10:245–50. Available from: http://www.
ncbi.nlm.nih.gov/entrez/query.
fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15473076.
12. Arana A, Arellano F. Cancer incidence near oilfields in the Amazon basin of
Ecuador revisited. Occup Environ Med [Internet]. 2007 [cited 2013 Sep 12];
64:490. Available from: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=2078481&tool=pmcentrez&rendertype=abstract.
13. Kelsh MA, Morimoto L, Lau E. Cancer mortality and oil production in the
Amazon Region of Ecuador, 1990–2005. Int Arch Occup Environ Health
[Internet]. 2009 [cited 2013 Sep 12];82:381–95. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/18651161.
14. Anticona C, Bergdahl I a, Lundh T, Alegre Y, Sebastian MS. Lead exposure in
indigenous communities of the Amazon basin, Peru. Int J Hyg Environ
Health [Internet]. Elsevier GmbH.; 2011 [cited 2013 May 17];215:59–63.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/21835691.
15. Anticona C, Bergdahl IA, Sebastian MS. Lead exposure among children from
native communities of the Peruvian Amazon basin. Rev Panam Salud
Publica. 2012;31:296–302.
16. Moolgavkar S, Chan ET, Watson H, Lau E. Cancer mortality and quantitative
oil production in the Amazon Region of Ecuador, 1990–2010. Cancer Causes
Control. 2014;25:59–72.
17. Kponee KZ, Chiger A, Kakulu II, Vorhees D, Heiger-Bernays W. Petroleum
contaminated water and health symptoms: a cross-sectional pilot study in a
rural Nigerian community. Environ Heal [Internet]. Environmental Health;
2015;14:86. Available from: http://www.ehjournal.net/content/14/1/86.
18. Fakhru’l-Razi A, Pendashteh A, Abdullah LC, Biak DRA, Madaeni SS, Abidin
ZZ. Review of technologies for oil and gas produced water treatment.
J Hazard Mater. 2009;170:530–51.
19. Pérez-Casanova JC, Hamoutene D, Hobbs K, Lee K. Effects of chronic
exposure to the aqueous fraction of produced water on growth,
detoxification and immune factors of Atlantic cod. Ecotoxicol Environ Saf
[Internet]. 2012 [cited 2014 Apr 23];86:239–49. Available from: http://www.
sciencedirect.com/science/article/pii/S0147651312003491.
20. International ICF. Overview of exploration and production waste volumes
and waste management practices in the United States. Washington: ICF
International; 2000.
21. Orta Martínez M, Napolitano D a, MacLennan GJ, O’Callaghan C, Ciborowski S,
Fabregas X. Impacts of petroleum activities for the Achuar people of the
Peruvian Amazon: summary of existing evidence and research gaps. Environ
Res Lett. 2007;2:045006.
22. Kimerling J. Indigenous Peoples and the Oil Frontier in Amazonia: The Case
of Ecuador, ChevronTexaco, and Aguinda v. Texaco. NYU J Int Law Polit
[Internet]. 2006;38:413–664. Available from: http://nyujilp.org/wp-content/
uploads/2013/02/38.3-Kimerling.pdf. Accessed 20 Dec 2015.
23. Ite AE, Ibok UJ. Gas flaring and venting associated with petroleum
exploration and production in the Nigeria’s Niger Delta. Am J Environ Prot
[Internet]. 2013 [cited 2015 Feb 9];1:70–7. Available from: http://pubs.
sciepub.com/env/1/4/1/index.html.
24. Ecuadorian National Court of Justice, Civil and Commercial, verbal
proceeding No. 174–2012 (María Aguinda Salazar et al. against Chevron
Corporation), resolution from the 12th of November 2013. http://
chevrontoxico.com/assets/docs/2013-11-12-supreme-court-ecuador-
decision-english.pdf. Accessed 20 Dec 2015.
25. Orta Martínez M, Napolitano D a, MacLennan GJ, O’Callaghan C, Ciborowski S,
Fabregas X. Impacts of petroleum activities for the Achuar people of the Peruvian
Amazon: summary of existing evidence and research gaps. Environ Res Lett
[Internet]. 2007 [cited 2013 Apr 28];2:045006. Available from: http://stacks.iop.org/
1748-9326/2/i=4/a=045006?key=crossref.3d709e7711d254ae38b4c614ecf947f9.
26. Unep. Environmental Assessment of Ogoniland. 2011. p. 39, 205.
27. U.S. Department of the Interior. United States Geological Survey [Internet].
[cited 2015 Mar 6]. Available from: http://energy.usgs.gov/. Accessed 20 Dec
2015.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
O’Callaghan-Gordo et al. Environmental Health  (2016) 15:56 Page 4 of 4
